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REMARKS 



Claims 1, 33, 36 and 50 are pending in the present application. Applicants have cancelled 
claims 2-32, 34, 35, and 37-49 and amended claim 33. Support for the amendment of claim 33 is 
in the original claim 33 and on page 72 of the specification. Thus no new matter has been 
introduced. 

Objection to Specification 

The title has been objected to because of the use of the word "novel". Applicants have amended 
the title to address the examiner's concern. As amended the title reads as "Polypeptides and 
Polynucleotides homologous to Thymosin, Ephrin A Receptors, and Fibromodulin." 
Accordingly, the applicants request the objection be withdrawn. 

Rejections under 35 USC 102(b) 



Claim 1, 33, 36 and 50 are rejected under 35 USC 102(b) as anticipated by Chan et aLf 
the Examiner states that "Chen et al. teaches human eek. Chen et al. provided only a partial 
sequence. However, the complete sequence of eek is identical to applicant's SEQ ED NO: 5." 
(Office Action at page 2). Applicants traverse. 

As rightly pointed out by the Examiner, Chan et al. (discussed as "Chen et al." in the 
office action) disclose only a partial, 21 amino acid long sequence that corresponds to residues 
706-726 of the full-length polypeptide (GRLAM IVTEYMENGS LDTFLR), which is a 
translation of exon D2 of human eek nucleotide disclosed in GenBank Accession No. X59291 
(See Figure 1 of Chan et al., courtesy copy enclosed herewith). However, the full length 
polynucleotide, as indicated in the original specification, page 10, was deposited in Genbank 
September 14, 2000 as accession number NP_065387.1. The present application is entitled to a 
priority date of October 18, 1999, based on the filing of Provisional Application U.S. S.N. 
60/159,992, which discloses the full length polypeptide of SEQ ID NO: 5 (referred to as 
AL035703_A). Filed herewith is Appendix A/a CLUSTALW alignment demonstrates that the 
amino acid sequence AL035703_A filed in U.S.S.N. 60/159,992 is 100% identical to the 
polypeptide of SEQ ID NO: 5 of the instant application. SEQ ID NO: 66, which is the elected 
polypeptide sequence, is the extracellular region of the full length polypeptide of SEQ ID NO: 5. 




Therefore, claim 1 and the dependent claims 33, 36 and 50 are not anticipated by Chan et al. and 
thus Applicants respectfully request that this rejection be withdrawn. 

Rejections under 35 USC 112, first paraeraph 
Written Description 

Claims 2, 4 and 39 are rejected for failing to comply with the written description 
requirement as naturally occurring variants are not adequately described. Applicants have 
cancelled claims 2, 4 and 39 that recited "allelic variants./Therefore, this rejection is moot and 
should be withdrawn. 

Enablement 

Claims 27, 28, 39 and 49 are rejected for lack of enablement. The Examiner states that 
the specification fails to "provide guidance as to the structural, physical, or biological 
characteristics of polypeptides which differ from the amino acid sequence of SEQ ID NO: 5 by as 
much as 15%." (See Office Action, paragraph bridging pages 5 and 6). Claims 27-28, 39 and 49 
have been cancelled. 

The Examiner also asserts that "the specification fails to provide any guidance as to 
'NOV-associated' disorders." (See Office Action, page 7). Without acceding to the propriety of 
the Examiner's position, and in order to expedite prosecution, applicants have Applicants have 
cancelled claims 27, 28, 39 and 49. Therefore, this rejection is moot and should be withdrawn. 



CONCLUSION 

Applicant submits that the Examiner's rejections have been overcome based on the 
enclosed amendments and remarks. Applicant therefore respectfully requests that claims 1, 33, 
36, and 50 be found allowable at this time. Should any questions or issues arise concerning the 
application, the Examiner is encouraged to contact Applicant's undersigned attorney at the 
telephone number indicated below. 

Respectfully submitted, 



March 15, 2004 

MINTZ, LEVIN, COHN, FERRIS, 
GLOVSKY and POPEO, P.C. 
Customer Number 30623 
Tel: (617)542-6000 

Fax: (617)542-2241 
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APPENDIX A: ClustalW alignment of SEP ID NO: 5 and AL035703 A 

1. _SEQID_5_Non_Prov_filiiig 

2. AL035703 A Piov filing 

Clustal Details: 



CLUSTAL U (1.7) Multiple Sequence Alignments 



Sequence type explicitly set to Protein 
Sequence format is Pearson 

Sequence 1: _SEQID_5_Non_Prov_f iling 992 aa 

Sequence 2: AL035703_A_Prov_f iling 992 aa 

Start of Pairwise alignments 
Aligning. . . 

Sequences (1:2) Aligned. Score: 100 
Start of Multiple Alignment 
There are 1 groups 
Aligning. . . 

Group 1: Sequences: 2 Score: 13592 

Alignment Score 6364 

CLUSTAL -Alignment file created [/opt/curagen/curatool/data/uorking/ksenth 24 clustalup. align] 



Multiple Alignment; 



_SEQID_5_N on_Prov_filing 
AL0357D3jA_Prav_filing 

_SEQID_5_Non_Prov_filing 
AL035703jA_Prov_filing 

SEQID_J_Non_Prov_filing 
ALD35703jA_Prov_fiJjng 

_SEQID_5_N an_Prav_filing 
AL035703_A_Prov_fiiSng 

SEQID_j_N on_Prov_filing 
AL0357C3_A_Prov_fiHng 

_SEQID_j_N on_Prov_filing 
ALQ35703jA_Prov_filing 

_SEQID_5_N on_Prov_filing 
ALD35703jA_Prov_filing 

_SEQID_5_Non_Prov filing 
AL035703_A_PfOV_filiig 

_SEQID_.5_N an_Pra v_filing 
AL035703_A_Prov_filing 

SEQIDJ Non Prpv_filing 
ALQ35703jA_Prov_filing 

_SEQID_5_Non_Prov_filing 
ALQ35703jA_Prov_filiiig 

SEQID_5_Non_Prov_filing 
AL0357Q3_A_Prav_filing 

_SEQID_5 Non_Frov filing 
AL033703jA_Prov_fiJing 

_SEQID_5 Non_Prov_filing 
AL03J703j\_Prav_filing 

_SEQID_3_Non_Prov_filing 
AL03:5703_A_Prav_filing 

SEQID 5 Non_Ptov_filing 
ALfl35703_A_Prav_filing 

_SEQID_3_N Dn_Pf ov_filing 
AUJ357Q3_A_Prav_filing 
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eek and erk, new members of the eph subclass of receptor protdn-tyrosine 
kinases 

Joanne Chan & Valerie M. Watt P D •> 

Department of Physiology, University of Toronto. Toronto, Ontario, Canada M5S IAS 



We have identified human and rat DNAs encoding two 
novel members of the eph subclass of putative receptor 
proteiiKyrosine kinases. Rat cDNA clones encoding eek 
(eph- and e/Xc-rebted kinase) were isolated from a braio 
cDNA library probed whh DNA encoding the kinase 
region of the insulin receptor-related receptor. The pre* 
dieted eek protein contains all the ammo acid residues 
conserved in the catalytic domains of protein-tyrostne 
kinases and b most similar to two putative receptor 
protenMyrosine kinases of the eph subclass, elk (69%) 
and eph (57%). Human genomic DNAs encoding part of 
eek {EEK) as well as another putative protein-tyrosine 
Irintts* most similar to elk (90%), ERK (elk<thte4 
kinase), were isolated and partially characterized. The 
novel identity of these two tpA-JamDy genes was further 
supported by Southern blot analyses and bcafizntion to 
human chromosome I. In Northern Mot analysis of rat 
RNA, DNAs encoding rat eek and human ERK hybrid* 

ftzed to trmmcripts most abundant m brain and lung, 
respectively. These two new member s of the eph subclass 
of receptor protein-tyrosine kinases, eek and era, may 
therefore have tissae-speciftc functions distinct from 
those of other eph family members. 



Introduction 

Protein-tyrosine kinases (PTKs) arc structurally and 
functionally related enzymes intimately involved in 
signal transduction. Initially discovered as transforming 
proteins of acutely oncogenic retroviruses (Hunler &, 
Cooper, I985X altered versions of cellular PTKs have 
since been implicated in the etiology of certain human 
malignancies (e.g^ Konopka et at, 1984; Martin-Zanca 
el al^ 1986). Under physiological conditions, some 
PTKs function as receptors for a variety of hormones 
and growth factors to alter such diverse cellular pro- 
cesses as metabolism, growth and differentiation 
(Yarden & Ullrich, 1988). Ligand binding to the extra- 
cellular region of receptor PTKs somehow activates the 
cytoplasmic catalytic domain to phosphorylate specific 
substrates such as the GTPasc activating protein 
(GAP. Kazlauskas et aL 19901 phospholipase Cy 
(Meiscnhelder et al. t 1989) and plKwpboiidy I inositol 3- 

kinase (Auger et < 1989). 

Receptor PTK subclasses, defined on the basis of 
structural similarity (Hanks et aU 1988; Varden & 
Ullrich, 1988; Ullrich & Schlessinger. 1990), include 
those of the epidermal growth factor receptor (EGFRX 
the insulin receptor (IR), and (he plaielct-derivcd and 
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fibroblast growth factor receptors (PDGFR, FGFR)l 
Within these subclasses are putative receptor PTKs 
whose presumptive ligands are unknown (Hanks et al n 
1988; Ullrich & ScMessinger, 1990). Insight into the 
function of these putative receptors will be facilitated it 
as expected, family members that exhibit limited diver- 
gence play similar roles in cellular physiology (Hanks et 
1988). It is likely, however, that the elucidation of 
the functional roles of these PTKs will continue to be 
outpaced by their rate of discovery. 

The eph PTK defined a new receptor PTK subclass 
(Hirai et aL 1987) which on the basis of structural simi- 
larity also includes elk (Letwin et al. % 1988). The eph full- 
length CDNA predicts a transmcmbronc receptor PTK 
featuring a single Cys-rich region in the extracellular 
domain and an uninterrupted PTK domain (Hirai et a/., 

1987) . Two lines of evidence suggest that eph may be 
involved in oncogenesis: eph is overexpressed in several 
human carcinomas (Hirai et aL 1987; Maru et at n 

1988) ; and overexpression of the eph gciic enabled 
NIH3T3 cells to form tumors in nude mice and colonies 
in soft agar (Maru et aU 1990). 

We report the isolation and characterization of rat 
cDNA clones encoding a novel PTK, eek, whose pre- 
dicted amino acid sequence within its kinase domain 
exhibits extensive similarity with the sequence of recep- 
tors belonging to the eph subclass of PTKs. Human 
DNAs encoding eek (EEK) as well as another novel 
member of the eph subclass, erk, have been isolated and 
used to localize both the EEK and ERK genes to 
human chromosome I. The tissue-specific expression of 
these two new members of the eph subclass of receptor 
PTKs is distinct from other known members of the eph 
family; eek expression is brain-specific and erk mRNA 
is most abundant in lung 



Results and disctnsMM 

To identify previously unknown PTKs, we used a DNA 
probe encoding the kinase region of the insulin 
receptor-related receptor (IRR, Shier & Watt, 1989) to 
screen at reduced stringency a rat brain cDNA library, 
PTKs arc abundant in the central nervous system and 
have been implicated in such brain-specific functions as 
myeiinalion and neuronal differentiation (Nairn et al~> 
1985; Edwards et at, 1988). Nucleotide sequence 
analysis of the entire insert DNA (867 bp) of one cDNA 
clone which hybridized with the IRR probe, >lreek.l8, 
revealed a single open reading frame encoding 289 
amino acids. Subsequent screening of another rat brain 
cDNA library with the insert DNA of ireck.18 identi- 
fied an overlapping done, Areck.32, (hat extended the 
sequence 3' by 249 nucleotides to a stop codon and a 
further 1.7 kb to a putative polyadenylation signal. The 
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composite predicted protein (Figure 1) contains all the 
'T^L aC, fj xs ^ ues conserved in the catalytic domains 

f-JtJSJ""^* et ^ l9M > "eluding the potential 
ATP binding site (Gly'-X-Gly-X-X-Gly'* and Ly$**l 
In addition, two sequences (Asp» T -Leu-<Ala.AIa-Are)- 
.^'"-"c-Arg-Trp-Thr-AIa-Prc-Olu^ 

££5* ^'^'y ^served i» tyrosine rather than 
sonne/thrconjoe kinases as well as a pulenUul ohus- 
phorylauon site. Tyr'«°, at a position analogous to Z 
major auiophosphorylation site in p P 60'-" (Smart et 



at-. 1981X are also present. A computer search of 
s^uence databases (EMBL, GenBank and SWISS- 
PROT December 1990) revealed that we bad identified 
a novel protein that exhibits striking amino acid simi- 
tanry in its kinase domain to members of the eph sub- 
class of receptor PTKs, elk and eph (69% and 57% 
•dcntily respectively; also see Figure 1). This putative 
PTK is less similar to PTKs or other receptor as well as 
non-receptor subclasses: -32% to 34% identity to rep- 
resentative members of the 1R, EGFR, PDGFR and 
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FGFR subclasses; and -40% to 43% with those of the 
sre, abl and fpsf fes subclasses (Figure 1 ; Hanks ex uL 
1988; Kornbluth et aL 1988). The similarity between 
eek and the other eph family members, eph and eHc, also 
extends into th* far boxy-terminal tail (-^43% identity, 
also see Figure 1), (he region thought to exert negative 
control over receptor PTK signalling function (Ullrich 
& Schiessingcr, 1990). Therefore, we have named this 
ijo-vel putative PTK eek, for eph* and gtfe-r elated kinase. 

Southern blot analysis of human genomic DNA 
revealed that a rat eek cDNA probe hybridized at 
reduced stringency to multiple fragments in each digest 
(Figure 2A), suggesting that this rat eek probe could 
identify several edt-related human DNA sequences. At 
the highest stringency at which any hybridization was 
observed with the rat eek cDNA probe, two human 
fragments were detected in each digest (Figure 2B). 
Hybridization with a rat elk cDNA probe (Letwin et aL 
1988) indicated that one of these fragments encoded the 
human homologue of rat elk (Figure 2Q To confirm 
thai the other hybridizing fragment was the human 
homologue of rat etk> we used rat eek cDNA as probe 
to isolate part of the human eek gene {EEK) from a 
human genomic library. The region of human EEK 
homologous to the rat eek cDNA probe hybridized 
selectively to the fragments detected under high strin- 
gency by rat eek DNA (Figuic 2D, D) that had not 
hybridized with rat elk DNA (Figure 2C). 

Nucleotide sequence analysis of an — 1 kb fragment 
of human EEK genomic DNA that hybridized with the 
rat eek cDNA probe identified an exon which exhibits 
high identity with the rat eek cDNA (95% amino acid. 
92% nucleic acid. Figure 1) and much less similarity 
with its closest known relative, elk (70% amino acid. 
71% nucleic acid, Letwin et oi., 1988). This EEK exon 
corresponds to amino acid residues 74 to 93 of the rat 
eek cDNA (Figure I) and to the analogous kinase 
domain exon D2 of the eph gene (Maru et aL 1988). 
The position of both intron/exon junctions of EEK 
exon D2 (gcccgcccagGC . .GGgtgcgt), which are similar 
to the consensus acceptor and donor splice sites 
(Brcalhnach & Chambon t 1981), are conserved between 
EEK and ihe eph gene. Other cenes encoding PTKs of 
the same subclass, such as the sre (Mam et aL 
and the IR (Shier & Wall. 1989) subclasses, have also 
been reported to exhibit conserved exon/mtron organiz- 
ation throughout the entire kinase domain. 
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We also isolated another recombinant phage that 
contained human DNA which hybridized selectively to 
human genomic fragments (Figure 2E) detected only at 
reduced stringency by the rat eek cDNA probe (Figure 
2A). Analysis of the nucleotide sequence of this human 
isolate revealed that il was most closely r*lat#d to the 
eph subclass member, elk (Letwin ct aL 19R8); we have 
named it erk for WA-related kinase. Over the coding 
region sequenced, the human ERK fragment exhibited 
high identity (90% amino tichl. 81% nucleic ucidt with 
the rat elk cDNA (Let win et aL 1988) and lower iden- 
tity with its next closest known relative, rat eek (74% 
amino acid, 76% nucleic acid. Figure ]). This human 
ERK genomic fragment (-400 bp from the linker to an 
internal EcoRl site) contains a single exon correspond- 
ing to part of exon Dl as well as all of exon D2 of the 
eph gene (Mam et aL 1988). The predicted splice junc- 
tion at Ihe end of exon D2 (CGGgtaggg) is similar to 
the consensus donor splice site (Brcathnach & 
Chambon. 1981). The lack of an intron between exons 
Dl and D2 in the ERK gene was somewhat unexpected 
given that this intron is conserved between the genes 
encoding both eck (Figure I) and eph (Maru et «(.. 
1988). Possibly, an intron was lost in ERK as a result 
of reverse transcription of a partially processed pre- 
mRNA that was rc-inscrlcd downstream from a pro- 
moter sequence. A similar mechanism of intron loss has 
been implicated in Ihe rat pi cpro insulin I gene (Soares 
el aL 1985). 

We have used genomic DNAs from the human EEK 
and ERK genes and from 14 human-mouse somatic cell 
hybrids to focalize EEK and ERK within the human 
genome. A DNA probe which hybridized specifically 
with the £JSJC gene, hEEK.D2p, detected a single PstI 
fragment only in hybrids containing human chromo- 
some I (l.Okb, Figure 3). Similarly, the hERK.D12e 
probe which hybridized specifically with the ERK gene, 
detected a single PstI human fragment in the same 
hybrids (4.3 kb, Figure 3)i As expected, mouse-specific 
fragments which hybridized to hEEK.D2p and 
bFRK.DI2c were present in all hybrids (3.3 kb and 
5.8 kb, respectively. Figure 3). Among all 14 hybrids, 
chromosome I showed 100% concordance with EEK 
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Ftawr 2 Southern blot analysis of gene* encoding members or 
toHZh family. Human genomic DNA was digested with » EcolU 
«1|L HiodJII (hmc 2) or Bglll fla«e 3J. I dlers were hybnd«ed 
2*T h \m eek criNA probe <r«k.DJ23p, a 246 bp Pill fragment 
Coding amino add residues 22 to 103, Figure J I and wwbed.t 
4TC" (A) or at «TC (B); with a rat e!k cDNA probe (nucleotide* 
lUo* Lnwio et af. W8R; encoding amino acid residues 1-102. sec 
Fipure t) (CI whh human ELK flonomic ON A IbEHK.DZp, an 
" I kb Psil fragment encoding 02) (D). or with human ERK 
genomic DNA (hERlt.Dl2e, an -400 bp EcoRl fngsau encod- 
Mg part of Dl and .11 of D2) (E) and waihed at 60-o2-C 
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Frgvre 3 Southern Hot analysis or the human EEK and ERjfc 
genes in somatic cell hybrids. Genomic DNA from human (lane 
mouse (lane 2) and human-mouse hybrid (lanes 3-10) cell lines was 
digested wiin Psil and hybridizad with human EEK DNA 
{hE£K.D2p> lop) or with human ERK DNA (hERKX>12^ 
bottom). Human chromosome I and ihe human DNA fragments 
hybridizing to EEK (IJ>kb) or to ERK 14.3 kb) are concordant i y 
present (lanes 3. 5. 7) or absent (lanes 4, 6, &-I0) 
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method using the Kleaow fragment of DNA polymerase 
(Sanger er ai^ \9T7\ with ambiguities resolved using the modi- 
fied T7 DNA polymerase and dITP (Tabor A Richardson, 
1987;Sequcnase, USB). 

Southern and Northern blot analysis 

Genomic DNAs from human leukocytes, cultured human 
fibroblasts, mouse fibroblasts or human-mouse somatic cell 
hybrids (Shier et a/., 1990; Watt A Willard, 1990) were 
digested with restriction endonudeases and size fractionated 
on 1% agarose gels before transfer to filters (Southern, 1975: 
Towbin er af„ 1979). Poly (A) RNA (2 fig), extracted using gua- 
nidine thiocyanate (Chirgwin er al % 1979) and fractionated on 

an OligO^cn j column, was septupled on n IU forrnaldehydf- 



agarose gel {Lchrtch tt al t 1977) and transferred to nitrocellu- 
lose (Thomas, 1990). Rat kidney nbosomaJ RNA was used as 
size markers. Filters were hybridized and washed as described 
above. 
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